Monotony is the result of continuous predictive or repetitive stimulations and can be considered a functional state of the central nervous system, a state characterized by lowered cerebral activity. The present work investigates the effect of monotonous auditory input on cerebral electrical activity. This was done by means of recording the EEG under three different auditory stimuli (S1, S2, S3), on 11 volunteers (average age 23 years). Data were acquisitioned during 20 minutes of auditory stimulation, with a 5 minute period of silence before and after stimulation. The characteristic features of each obtained EEG pattern depends closely on the type of the musical composition. Thus, the highest domain of variance generated under stimulation by S3 (fragments of the Mozart's K448 Sonata) is for the frequency bands Alfa1, Beta2 and Theta, while in case of S2 (recording of a rainforest) it is for bands Delta, Beta1 and Alfa2, and in case of S1 (recording of a car driving over a rough road) is only slightly elevated for the total frequency spectrum. By comparing the period of auditory stimulation with the post-stimulation period, in case of S3 the fewest statistically significant mean values are noticeable (only for Delta and Theta indexes), in contrast to S1, which presents statistically significant differences between mean values for high frequency bands. In case of S2, statistically significant differences between mean values are similar to S3, with the addition of the Beta1 frequency band. In conclusion, each different auditory stimuli produces a characteristic pattern of changes in cortical micropotentials which could be associated with the induced psychoemotional state.
Introduction
Monotony was conceptualized as the result of constant, extremely predictive or repetitive stimulations. The environment in which an activity/task takes place may also influence performance as much as the monotony of the action itself [1] . It is a functional state of the central nervous system characterized by the decrease of the level of cerebral activation and is accompanied by sleepiness, a lower degree of attention and decreased vigilance [1, 2] .
Repetitive stimuli are largely recognized as being monotonous and associated with lack of attention and decreased performance [1] . Wertheim [3] , however, suggests that monotony is determined by the predictability of environment stimuli and not by repetitivity. The complexity of a task/activity is also an important factor in monotony, its effects explained by two complementary theories: the theory of excitement and the theory of accommodation [4] . Thus, tasks with decreased requirements contribute to cognitive underload, lower attention, lack of vigilance and monotony, while tasks with increased requirements and cognitive overload lead to tiredness [5] .
Numerous studies concentrated on the effect of external stimulation on cortical EEG, especially regarding the response to visual stimulation [6, 7] . The focus on using rhythmic visual and auditory stimulation as a means of inducing relaxation and hypnosis emerged during the latter half of the XXth century [8] . Variations in repetitive visual stimulation in neurophysiologic and psychophysiologic research are numerous, with repetitive visual stimulation patterns usually being presented in an on-off mode (e.g. flickering light) [9] , or through inverted pattern changes (e.g. checkerboard pattern) [10] . Besides visual stimulation, auditory stimulation through repetitive acoustic stimuli, either naturally produced or artificially (e.g. music), either solely or associated with different tasks/activities can prove useful in accumulating new data regarding psychic sensorial and superior cognitive processes [11] [12] [13] .
Music has proven a valuable instrument in the under-standing of human knowledge, human emotion and the cerebral mechanisms that underline them. Some researchers maintain that human musical abilities played a key phylogenetic role in the evolution of language and that musical behavior supported and promoted important evolutionary functions (e.g. communication, cooperation and social cohesion) [14] . From the oldest of times, music was used to stimulate emotions and treat a variety of illnesses: migraine, epilepsy, schizophrenia, dementia, autism, neurosis, anxiety, asthenia, stress, insomnia, depression, palpitations, arrhythmia, cardiac insufficiency, arterial hypertension [15] [16] [17] [18] [19] [20] . Despite this, EEG investigations of cerebral activity under auditory stimulation in general and music in particular, are not abundant. The present study aims at investigating cerebral electrical activity under the influence of three types of monotonous sounds, both recorded from nature and artificial, different in regards to frequencies, amplitudes, tonality and the induced psychoemotional state. The global influence of auditory stimulation on the EEG frequency bands was tracked and post stimulation effects on cerebral rhythms were studied.
Experimental Procedures

Subjects
The investigated group was made up of 11 males, all right handed, average age 23, students, and homogenous regarding professional and extraprofessional activity. The subjects perceived the entire band of frequencies between 45 Hz and 16,500 Hz at the same sound level (40 dB). After medical examination, subjects with neurological disturbances or a history of drug or ethanol abuse were excluded from the study. Starting 12 hours prior to the EEG recording, none of the following substances-alcohol, caffeine, tea, chocolate, B group vitamins, hormones, hypotensive drugs, sedatives, tranquilizers, sleeping pills were allowed. Permission for experiments with human subjects for scientific purposes was obtained from The Ethical Commission of the University of Craiova, Romania. Each subject was provided with detailed information about the aims of the ongoing study and gave his written consent to participate in it.
Stimulation Procedure
The auditory stimuli were sounds recorded from nature. Three sounds were utilized: S1 (recorded in an automobile moving on a rough surface), S2 (recorded in a rainforest) and S3 (recorded after Mozart's K448 Sonata). The EEG was recorded while the subject was undergoing continuous auditory stimulation, for the duration of 20 minutes, using a pair of "hook-on-ear" headphones connected to a netbook computer (an Acer Aspire one) running Windows Media Player 11 under Windows XP Service Pack 3, powered by its own batteries to avoid parasitic currents. The intensity of the sound was measured with an NM102 Noise Meter.
EEG Recording
The acquisition of cortical biopotentials was made using an industrially produced electroencephalograph, NihonKohden EEG-9200. The electrodes were placed after the classic 10 -20 system, bipolar acquisition [21] , references being the 2 ears, and an extra ECG derivation (both hands and the right foot) with the main role of signal quality control. All recordings were made in identical experimental conditions: subjects with the same degree of physical and psychical tiredness, sitting still, eyes closed, no ambient sound and lighting, no disruptive ambient electrical fields.
The procedure was carried out as following 3 valid recordings for each subject, each made using a different sound of the three (S1, S2, S3), with the following steps: I: subjects close their eyes at the operator's command; II after 5 minutes of silence (L1 period) the operator starts the auditory stimulation; III: after 20 minutes of stimulation (S period) the operator stops the auditory stimulation; IV: after 5 minutes of silence (L2 period) the operator stops the recording. To avoid inducing a rhythm modulation subjects were not instructed to any particular mental activity and were given complete freedom.
Data Analysis
Cerebral rhythms were highlighted through spectral analysis obtained on the basis of the Fourier Transform in its FFT variant (Fast Fourier Transform).
The analysis of the influence of auditory stimulation by S1, S2, S3 on cortical micropotentials included the global comparison of the mean frequency EEG bands for the entire stimulation period (20 minutes), determined on the auditory projection area (the area covered by the P3, P4, O1 and O2 electrodes). In this manner three sets of values were established for the total spectrum of frequencies, and for the individual frequency bands Delta, Theta, Alfa1, Alfa2, Beta1 and Beta2 respectively. To compare mean frequency bands for the 20 minutes of stimulation with each of the three types of auditory stimuli, the ANOVA one-way variance analysis test was utilized, both for the total frequency spectrum and the individual bands Delta, Theta, Alfa1, Alfa2, Beta1 and Beta2. The graphic presentation of values was made in the Boxplot variant.
To determine the measure in which long duration monotonous auditory stimulation manifests an effect on the EEG (and then ceases this effect), a comparison was made through the application of the Student test, between the mean EEG frequencies during stimulation (S) and immediately after stimulation ceases (L2).
Results
Global Analysis of the EEG Frequency Bands during Auditory Stimulation
The first comparison of the mean values through the ANOVA test was made for the Total index, which represents the mean for the 20 minutes of stimulation of the total frequency spectrum.
The first thing that must be noticed following analysis is the statistically significant difference (p = 0.042) between the obtained mean values (Figure 1(a) ). For each of the 3 situations (S1, S2, and S3) the variation domain can be observed, the 3 -4 quartiles, the median and the mean value. The individual bands of frequency were analyzed in order to determine the measure of their consistency with the Total index. Thus, for the Alfa1 frequency band, the Alfa1 index has mean values that are statistically highly significant (p = 0.001) for the periods in which stimulation was made by each of the three stimuli. Figure 1(b) presents the variation of the Alfa1 frequency band under stimulation with the 3 sounds. The Alfa2 component did not offer values that are statistically significant for all three stimulations (p is over 0.080) (Figure 1(c) ).
The ANOVA test offers statistically significant differences between the mean values of the Beta1 indexes under stimulation by S1, S2 and S3 (p = 0.027) (Figure  1(d) ), while for the upper part of the beta band, Beta2, there are no statistically significant differences between means (p = 0.341). Figure 1(e) highlights the variation of the Beta2 band under stimulation by the 3 sounds. Applying the ANOVA test to the Delta and Theta indexes it can be observed that for both indexes the means of the three situations vary with high statistical significance between themselves (p is 0.000 and 0.003 respectively) (Figures 1(f) and (g Figure 1(h). 
)). A comparison of all variation domains and mean values is represented in
Comparative Analysis of the EEG Frequency Bands between the Auditory Stimulation Period (S) and Post-Stimulation Period (L2)
In order to compare the mean values for the EEG frequency bands (noted as Total: Tot, Alfa1: A1, Alfa2: A2, Beta1: B1, Beta2: B2, Delta: D, Theta: T) between S (under all 3 sounds) and L2 the Student test was used.
The obtained values are listed in Table 1 , of which statistically significant values were written on a grey background. Comparative graphic representation between the 2 situations, S and L2, is made in Figure 2 , which shows that mean values for the two analyzed periods differ visibly for almost all parameters, with the exception of D band for S1 and B2 band for S2.
Discussion
The three sounds utilized were considered representative to achieving a monotonous unpleasant auditory stimulation in case of S1, a monotonous soothing stimulation in case of S2, and a pleasant but tensing stimulation in case of S3, respectively. To track the influence of monotonous auditory stimulation under all 3 types of sounds on cortical micropotentials initial comparisons were made between the means of the frequency bands (for total spectrum and each individual EEG band, respectively) for the entire stimulation period through the one-way ANOVA test. Thus, highly significant data was found for the Alfa1, Delta and Theta bands, while no significant differences were found for bands Alfa2 and Beta2. As for the total spectrum, although variation domains are relatively similar, with a slight superiority for S1, mean values differ significantly, the highest value being for the artificial sound (S3) and not the one recorded from nature (S1) (Figures 1(a) and (h) ). Analysis shows (Figure 1 ) that for each frequency band the lowest mean value is in case of S1, middle value in case of S2, and highest value in case of S3, for the majority of frequency bands with the exception of Delta and Beta2. The highest variation domain is generated in case of stimulation by S3 for bands Alfa1, Beta2 and Theta. Some authors relate Theta [22] and Alfa1 activity [23] to emotional tension or anxiety. Literature data on the influence of music on the electrical activity of the human brain is conflicting. Some authors [24, 25] have reported an increase in power for the Alpha rhythm while listening to music, while others [26] have observed an increase in power of Theta activity against the background of a decrease in the total power of the Alpha rhythm.
Exposure to other classical music pieces (fragments from Mozart's Concertos for Piano and Orchestra nos. 20 and 21) of comparable intensity level resulted in virtually no widely generalized changes of the EEG power in the Delta and Alfa bands, while the increase in power of the high-frequency EEG bands (Alfa2, Beta1, Beta2, Gamma) embraced almost the entirety of the cortex [27] . What conflicting results exist between our analysis and [27] could be partially explained by the difference in stimulation length and partially by the difference in the parameters of the stimuli: a solo instrument piece versus multiple instruments in orchestra.
The observed discrepancies in various literature data are possibly related to the fact that most works don't make a specific distinction of music into styles, and often the intensity and duration of the musical piece was not taken into account, all of which makes the comparison with literature data hard to make. The second sound, S2, representative for soothing stimulation, generates the highest variation domain only in cases of the Delta, Beta1 and Alfa2 bands. Similarly, literature data show an increase in the EEG power of the Delta band while listening to subjectively pleasant music [28] . The lowest variation domains are for S1 in Delta and Theta bands, for S2 in Alfa1 and Beta2 bands, and for S3, the lowest variation domain only appears in case of Beta1. It is surprising to note that for Alfa1 the lowest variation domain belongs to S2 stimulation, which is a soothing sound, recorded from nature, that we would be tempted to credit with the highest potential to generate alpha waves. Unlike Alfa1 band, the variation of the Alfa2 frequency band presents the largest domain for S2, which we were expecting since the sound was described as subjectively profoundly soothing.
To compare the stimulation period with the post-stimulation period the significant differences recorded between mean values corresponding to EEG frequency bands (Tot, A1, A2, B1, B2, D and T) for the two situations were tracked. Table 1 it can be observed that, for the EEG total spectrum, S1 and S2 stimulation offers mean values which differ statistically significant, while S3 does not provide statistical meaning. In fact, S3 stimulation offers the least statistically significant means (only in the case of D and T indexes).
By analyzing
The diversity of Mozart's compositions shows, breaks in rhythm and tonality ensuring the lack of monotony and thus no delaying effect on EEG response. S1, chosen to analyze the effects of an unpleasant stimulus, offers differing statistically significant results in all but two cases (D and T). This shows a completely different cerebral response in comparison to the period without stimulation and that it does not induce a latency effect that would delay response. S2, chosen as a soothing, pleasant stimulus, does not offer results nearly as definite. Even though for the general situation in which the total EEG spectrum is compared there are statistically significant differences, half of the specific indicators (A1, A2, and B2) responses are not statistically significant.
To summarize, each different auditory stimuli produces a characteristic pattern of changes in cortical micropotentials. It would appear that each sound exerts a prominent influence on certain EEG frequency bands: S3 influences the low-frequency bands, S1 the high-frequency ones, while S2 exerts a moderate influence on both lowand high-frequency bands with a slight emphasis on the former.
As preliminary data, the present investigation can broaden the area of knowledge regarding the effects of monotonous auditory stimulation on cerebral activity as well as help in accumulating new data regarding psychic sensorial and superior cognitive processes.
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